Introduction {#S0001}
============

In patients with atherosclerotic internal carotid artery (ICA) stenosis, the degree of the stenosis and the structure of the plaque are the most important risk factors for brain ischaemia \[[@CIT0001]--[@CIT0003]\]. The ultrasound characteristics identifying an unstable plaque are hypoechogenicity or heterogenicity with the dominance of hypoechogenic lesions and ulceration of the surface. Plaques with a smooth surface, with a high amount of calcification are considered to be stable \[[@CIT0001], [@CIT0002], [@CIT0004], [@CIT0005]\].

Numerous publications from recent years indicate a significant contribution of inflammatory factors to the development, progression and destabilisation of atherosclerosis \[[@CIT0006]--[@CIT0014]\]. Atherosclerotic lesions in the carotid arteries have been associated with increased serum levels of different inflammatory markers, i.e. C-reactive protein (CRP) and fibrinogen \[[@CIT0009]--[@CIT0012], [@CIT0015]\]. The cells of the atherosclerotic plaque are a source of cytokines acting locally and systemically \[[@CIT0006], [@CIT0008], [@CIT0015]\]. The basic proinflammatory cytokines include TNF-α (TNF-α), interleukin-1β (IL-1β), and interleukin-6 (IL-6) \[[@CIT0006]--[@CIT0008], [@CIT0014]--[@CIT0016]\]. Interleukin-10 (IL-10) is one of the most important mediators limiting inflammatory processes within the atherosclerotic plaque \[[@CIT0006], [@CIT0017]\]. The factors determining the destabilisation of the atherosclerotic plaque also include infection and the immunological response that is associated with it \[[@CIT0006], [@CIT0008]\]. The balance of the interaction between pro- and anti-inflammatory factors within atherosclerotic plaques seems to determine the dynamics of the disease.

The aim of the study was to evaluate in patients with internal carotid artery stenosis the relationship between atherosclerotic plaque morphology, the degree of stenosis and serum concentration of selected inflammatory markers.

Material and methods {#S0002}
====================

Material {#S20003}
--------

The study included 65 patients (20 women, 45 men) aged 55-80 years (mean: 66.29; SD: 7.77) with ICA stenosis ≥ 50% and 30 individuals from the control group (20 women, 10 men) aged 50-78 years (mean: 61.03; SD: 9.08). The remaining criteria of inclusion in the study group were: a neuroimaging examination (CT or MRI) excluding the non-vascular brain damage, and the patient\'s informed consent to participation in the study. The exclusion criteria were: stenosis with a cause other than atherosclerosis, a recent infection (found on the basis of a physical examination and laboratory tests), acute or chronic renal failure, a documented liver disease, a neurological disease except for symptoms caused by atherosclerotic ICA stenosis, a recent stroke (up to 14 days after the occurrence of the symptoms), cardiac arrhythmia, a recent myocardial infarction, a haemodynamically significant valvular heart disease, the presence of an artificial heart valve, a neoplastic disease, advanced circulatory insufficiency (NYHA class III or IV), alcohol abuse, a haematological and connective tissue disease and chronic inflammatory bowel disease, pancreatitis, an injury or surgical procedure in the period of 6 months before assaying the concentration of inflammation markers, hormonal disturbances (thyroid gland or gonad function disturbances), and steroid therapy.

Symptomatic ICA stenosis, which was the cause of a stroke or a transient ischaemic attack, was found in 39 patients. The control group consisted of 30 healthy volunteers or patients treated at the Neurology Department due to dizziness (9 individuals), headaches (5 individuals), or pain in the cervical or lumbosacral spine (14 individuals), who met the exclusion criteria and in whom stenosis of the cerebral arteries was excluded. All of them were informed of the aim and course of the study and expressed informed consent to it. The consent of the Ethics Committee of the Medical University of Silesia to conduct the study was obtained (Consent No. NN-6501-90/I/05).

Laboratory tests {#S20004}
----------------

The following laboratory tests were carried out in all included individuals: leucocyte count, erythrocyte sedimentation rate (ESR), CRP, fibrinogen, TNF-α, interleukins (1β, 6 and 10), anti-cytomegalovirus (CMV) IgG antibody titre; the concentration of procalcitonin was additionally assayed in patients with carotid artery stenosis.

The level of CRP was assayed using the immunoturbidimetric method with a cut-off point of 5.0 mg/l. Values of CRP below 5 mg/l were assessed as a negative result and such a result was considered to be normal. Fibrinogen concentration was assayed using the modified Clauss method. The range of reference values was 1.8-3.5 g/l.

Blood for TNF-α, IL-1β, IL-6, IL-10, procalcitonin and anti-CMV IgG tests was collected in patients in a fasting state. The blood was centrifuged at the speed of 3500 rpm for 15 min at room temperature, and the obtained serum samples were immediately frozen and stored until the moment of performing the assays. Assays of the serum concentrations of TNF-α, IL-1β, IL-6 and IL-10 were carried out in duplicate using the following enzyme immunoassay (EIA) kits manufactured by Rai Biotach: Human IL-1β ELISA kit, Human IL-6 ELISA kit, Human IL-10 ELISA kit, Human TNF-α ELISA kit. The obtained absorbance values were read at a wavelength of 450 nm using a Sirio S spectrometer. Procalcitonin tests were carried out with the B.R.A.H.M.S PCT LIA l immunoluminometric assay (ILMA). Anti-CMV IgG assays were carried out individually, using Citomegalovirus IgG EIA kits manufactured by RADIM.

In patients with symptomatic stenosis, the first laboratory tests were conducted within 15-154 days (mean: 75.28; median: 86 days) of the occurrence of transient ischaemic attack or stroke.

Ultrasound examination of carotid arteries {#S20005}
------------------------------------------

The examination was performed with a 3.75-12 MHz linear array transducer of a PHILIPS ENVISOR HD C.O.2 unit using the duplex method and complemented by colour Doppler imaging. The degree of ICA stenosis was evaluated on the basis of planimetric measurements (the diameter of the stenosis in the longitudinal plane and the area of the cross section of the stenosis in the transverse plane) and according to Doppler criteria based on the measurement of blood flow velocity at the level of the stenosis and in the common carotid artery below the stenosis \[[@CIT0018], [@CIT0019]\]. The assessment of morphology of plaques constricting the ICA was conducted on the basis of their echogenicity on grey-scale images according to the Gray-Weale classification \[[@CIT0002], [@CIT0020]\]: type 1 -- uniformly hypoechoic, type 2 -- predominantly hypoechoic, type 3 -- predominantly hyperechoic, type 4 -- uniformly hyperechoic, type 5 -- with calcifications causing acoustic shadowing artefacts.

The following were accepted as the characteristics of unstable stenoses in ultrasound image: stenosis ≥ 70%, presence of ulcerations on the surface of the plaque and a hypoechoic (or predominantly hypoechoic) structure of the atherosclerotic plaque in accordance with the accepted definition of unstable plaques \[[@CIT0001], [@CIT0002], [@CIT0018]\].

Statistical analysis {#S20006}
--------------------

The level of statistical significance *p* \< 0.05 was chosen. Basic statistical parameters (mean, median, standard deviation, minimum and maximum values) were calculated for interval-scale variables (TNF-α, IL-1β, IL-6, IL-10, fibrinogen, procalcitonin, ESR, leukocyte count, monocyte count, anti-CMV IgG antibody titre). For nominal variables (CRP), frequency and percentage distributions with respect to the categories of these variables were determined. The comparisons of mean/median values in the case of interval-scale variables were made using Student\'s *t*-test or the Mann-Whitney *U* test. The comparisons in the case of groups of nominal variables were made using the χ^2^ test or Fisher\'s test, depending on the size of the groups. The correlations between continuous variables were presented, calculating Spearman\'s rank correlation coefficient and its level of statistical significance.

The obtained results were compared between the study and control groups and within the study group, between patients with symptomatic and asymptomatic internal carotid artery stenosis.

Results {#S0007}
=======

Stenosis ≥ 70% was found in 8 (30.71%) patients with asymptomatic stenosis and 28 (71.79%) patients with symptomatic stenosis (*p* = 0.001, χ^2^ test). An unstable morphology of the plaque (with the presence of ulcerations and/or a hypoechoic or predominantly hypoechoic structure of the plaque) was found in 10 (38.46%) patients with asymptomatic stenosis and 27 (61.23%) patients with symptomatic stenosis (*p* = 0.01, χ^2^ test). Plaques with an unstable morphology were described in 13 (44.83%) patients with stenosis below 70% and in 24 (66.67%) patients with stenosis ≥ 70% (*p* = 0.08, χ^2^ test).

Patients with ICA stenosis, in comparison with the individuals from the control group, had significantly higher serum concentrations of IL-6 (13.65 ±14.46 pg/ml vs. 5.86 ±3.04 pg/ml, *p* = 0.001), fibrinogen (3.49 ±0.72 g/l vs. 2.99 ±0.69 g/l, *p* = 0.009) and higher ESR values (14.31 ±7.17 vs. 10.7 ±4.62, *p* = 0.036) ([Table I](#T0001){ref-type="table"}, [Figure 1](#F0001){ref-type="fig"}).

![Interleukin-6, ESR and fibrinogen in the group with ICA stenosis and in the control group](AMS-9-20594-g001){#F0001}

###### 

Inflammatory factors in patients with ICA stenosis and in the control group

  Inflammatory factor   ICA stenosis group   Control group   Value of *p*
  --------------------- -------------------- --------------- -------------------------------------------
  TNF-α \[pg/ml\]       14.32 ±6.08          11.78 ±5.45     0.055[\*](#TF0001){ref-type="table-fn"}
  IL-6 \[pg/ml\]        13.65 ±14.46         5.86 ±3.04      0.001[\*\*](#TF0002){ref-type="table-fn"}
  IL-10 \[pg/ml\]       3.75 ±3.55           3.18 ±2.48      0.61[\*\*](#TF0002){ref-type="table-fn"}
  IL-1β \[pg/ml\]       1.64 ±0.64           1.6 ±0.45       0.62[\*\*](#TF0002){ref-type="table-fn"}
  CMV IgG \[RU/ml\]     95.86 ±74.13         71.34 ±56.73    0.18[\*\*](#TF0002){ref-type="table-fn"}
  Leukocytes \[G/l\]    7.16 ±2.01           6.44 ±1.35      0.18[\*\*](#TF0002){ref-type="table-fn"}
  Monocytes \[G/l\]     0.6 ±0.25            0.61 ±0.19      0.56[\*\*](#TF0002){ref-type="table-fn"}
  ESR                   14.31 ±7.17          10.7 ±4.62      0.036[\*\*](#TF0002){ref-type="table-fn"}
  Fibrinogen \[g/l\]    3.49 ±0.72           2.99 ±0.69      0.009[\*](#TF0001){ref-type="table-fn"}

Results presented as mean value ± SD

Student\'s t-test

Mann-Whitney U test

Increased CRP values (\> 5 mg/l) were found in 17 patients (26.15%) with ICA stenosis. In the control group, no elevated CRP values were observed -- these differences were statistically significant (*p* = 0.009, Fisher\'s test).

In patients with symptomatic stenosis, in comparison with patients with asymptomatic stenosis, significantly higher leukocyte (7.7 ±2.0 G/l vs. 6.36 ±1.76 G/l, *p* = 0.002) and monocyte counts (0.66 ±0.28 G/l vs. 0.52 ±0.17 G/l, *p* = 0.025) were found ([Table II](#T0002){ref-type="table"}).

###### 

Inflammatory factors in patients with symptomatic and asymptomatic ICA stenosis

  Inflammatory factor       Symptomatic stenosis   Asymptomatic stenosis   Value of *p*
  ------------------------- ---------------------- ----------------------- -------------------------------------------
  TNF-α \[pg/ml\]           14.58 ±6.54            13.93 ±5.45             0.67[\*](#TF0003){ref-type="table-fn"}
  IL-6 \[pg/ml\]            13.84 ±16.33           13.35 ±11.4             0.3[\*\*](#TF0004){ref-type="table-fn"}
  IL-10 \[pg/ml\]           3.56 ±3.89             4.03 ±3.02              0.3[\*\*](#TF0004){ref-type="table-fn"}
  IL-1β \[pg/ml\]           1.55 ±0.36             1.78 ±0.92              0.65[\*\*](#TF0004){ref-type="table-fn"}
  Procalcitonin \[ng/ml\]   0.32 ±0.49             0.15 ±0.15              0.76[\*\*](#TF0004){ref-type="table-fn"}
  CMV IgG \[RU/ml\]         83.5 ±68.59            114.39 ±79.52           0.16[\*\*](#TF0004){ref-type="table-fn"}
  Leukocytes \[G/l\]        7.70 ±2.0              6.36 ±1.76              0.002[\*\*](#TF0004){ref-type="table-fn"}
  Monocytes \[G/l\]         0.66 ±0.28             0.52 ±0.17              0.025[\*\*](#TF0004){ref-type="table-fn"}
  ESR                       14.33 ±7.56            14.27 ±6.67             0.96[\*\*](#TF0004){ref-type="table-fn"}
  Fibrinogen \[g/l\]        3.57 ±0.69             3.37 ±0.65              0.29[\*](#TF0003){ref-type="table-fn"}

Results presented as mean value ± SD

Student\'s t-test

Mann-Whitney U test

Elevated CRP values (\> 5 mg/l) were found in 12 patients with symptomatic stenosis (30.77%) and in 5 patients with asymptomatic stenosis (19.23%) -- these differences were statistically insignificant (*p* = 0.29, χ^2^ test).

No statistically significant differences regarding the studied inflammatory markers between the group of patients with stenosis \< 70% and the group with stenosis ≥ 70% were found. Elevated CRP values (\> 5 mg/l) were found in 6 patients with stenosis \< 70% (20.69%) and in 11 patients with stenosis ≥ 70% (30.56%) -- these differences were statistically insignificant (*p* = 0.37, χ^2^ test).

In patients with unstable plaques in the ultrasound image in comparison with patients with stable plaques, significantly higher concentrations of TNF-α (16.06 ±6.12 pg/ml vs. 12.08 ±5.34 pg/ml, *p* = 0.008), IL-6 (15.63 ±14.94 pg/ml vs. 11.03 ±13.62 pg/ml, *p* = 0.049), fibrinogen (3.68 ±0.75 g/l vs. 3.24 ±0.73 g/l, *p* = 0.012) and a higher number of leukocytes (7.92 ±2.16 G/l vs. 6.17 ±1.24 G/l, *p* = 0.0002) and monocytes (0.68 ±0.28 G/l vs. 0.49 ±0.16 G/l, *p* = 0.006) were found ([Table III](#T0003){ref-type="table"}, [Figure 2](#F0002){ref-type="fig"}).

![Inflammatory factors in patients with stable and unstable atherosclerotic plaques](AMS-9-20594-g002){#F0002}

###### 

Inflammatory factors and atherosclerotic plaque morphology

  Inflammatory factor       Stable plaque   Unstable plaque   Value of *p*
  ------------------------- --------------- ----------------- --------------------------------------------
  TNF-α \[pg/ml\]           12.08 ±5.34     16.06 ±6.12       0.008[\*](#TF0005){ref-type="table-fn"}
  IL-6 \[pg/ml\]            11.03 ±13.62    15.63 ±14.94      0.049[\*\*](#TF0006){ref-type="table-fn"}
  IL-10 \[pg/ml\]           3.99 ±4.6       3.58 ±2.55        0.52[\*\*](#TF0006){ref-type="table-fn"}
  IL-1β \[pg/ml\]           1.7 ±0.88       1.6 ±0.39         0.56[\*\*](#TF0006){ref-type="table-fn"}
  Procalcitonin \[ng/ml\]   0.22 ±0.29      0.27 ±0.46        0.92[\*\*](#TF0006){ref-type="table-fn"}
  CMV IgG \[RU/ml\]         107.02 ±86.83   87.41 ±62.81      0.67[\*\*](#TF0006){ref-type="table-fn"}
  Leukocytes \[G/l\]        6.17 ±1.24      7.92 ±2.16        0.0002[\*\*](#TF0006){ref-type="table-fn"}
  Monocytes \[G/l\]         0.49 ±0.16      0.68 ±0.28        0.006[\*\*](#TF0006){ref-type="table-fn"}
  ESR                       12.46 ±6.3      15.7 ±7.54        0.079[\*\*](#TF0006){ref-type="table-fn"}
  Fibrinogen \[g/l\]        3.24 ±0.73      3.68 ±0.75        0.012[\*](#TF0005){ref-type="table-fn"}

Results presented as mean value ± SD

Student\'s t-test

Mann-Whitney U test

Elevated CRP values (\> 5 mg/l) were found significantly more often in patients with unstable (43.24%) in comparison with patients with plaques with a stable morphology (3.4%) (*p* = 0.0003, Fisher\'s test).

In the group of patients with symptomatic stenosis, no significant correlation was found between the time that had passed since the symptoms and the concentration of TNF-α (*p* = 0.29), IL-6 (*p* = 0.78), IL-10 (*p* = 0.56), IL-1β (*p* = 0.06), procalcitonin (*p* = 0.9) or anti-CMV IgG antibody titre (*p* = 0.3).

Discussion {#S0008}
==========

Numerous reports underline the significance of inflammation in the development, progression and destabilisation of atherosclerotic lesions \[[@CIT0006], [@CIT0008]--[@CIT0012], [@CIT0015]--[@CIT0017]\]. In the present study, a significant relationship between elevated values of inflammatory markers in patients with ICA stenosis with unstable atherosclerotic plaques was confirmed but no significant relationships between inflammatory markers and the degree of ICA stenosis were found. The activity of inflammatory factors may indicate changes within atherosclerotic plaques conducive to their destabilisation and as a consequence of an increase in the level of stenosis, and not directly the presence of high-grade stenoses.

Most published reports evaluating the significance of TNF-α, IL-6, IL-1β and IL-10 in the development of atherosclerosis are based on studies of coronary arteries \[[@CIT0014], [@CIT0016], [@CIT0021], [@CIT0022]\]. Only some of them concern their participation in the development of atherosclerotic ICA stenosis \[[@CIT0007], [@CIT0008], [@CIT0013], [@CIT0015], [@CIT0023]--[@CIT0026]\].

Significantly higher serum concentrations of IL-6 and TNF-α were found in patients with unstable plaque morphology than in patients with stable plaques. The connection of high serum concentrations of IL-6 and TNF-α with the presence of unstable plaques assessed in ultrasound examinations has been confirmed by other authors as well \[[@CIT0015], [@CIT0025], [@CIT0027]\]. In the present study, no significant differences in TNF-α serum levels depending on the presence of stenosis, its level or clinical manifestation were found, which is in agreement with the results obtained by other authors \[[@CIT0023], [@CIT0028]\].

The participation of IL-6 in the development of atherosclerotic ICA stenosis was found in a study by Lee *et al*. \[[@CIT0029]\], in which the serum IL-6 level turned out to be an independent predictive factor of the development of early atherosclerotic lesions in the ICA.

Results from the present study also correspond with results obtained by Debing *et al*. \[[@CIT0030]\], who found significantly higher serum levels of IL-6 in the group of patients with ICA stenosis in comparison with the control group and no statistically significant differences in IL-6 levels between the group of patients with symptomatic stenosis and the group with asymptomatic stenosis.

The significance of TNF-α and IL-6 in the development of atherosclerotic lesions was also proven in experimental research on animal models and in *in vitro* studies \[[@CIT0031], [@CIT0032]\].

The protective role of IL-10, consisting in the stabilisation of atherosclerotic plaques, was confirmed in immunohistochemical tests of plaques obtained from sections of different arteries, including carotid arteries \[[@CIT0033]\] and in *in vivo* and *in vitro* experimental research \[[@CIT0034]\]. The development of atherosclerotic stenosis is a process of active changes, and factors causing the secretion of IL-10 are the same factors that stimulate the production of IL-6.

The obtained results also confirm the usefulness of the recognised inflammatory markers (CRP, fibrinogen, ESR, leukocyte count, monocyte count) in the identification of patients with unstable plaques. In recent years, the possibility of using procalcitonin in predicting atherosclerotic complications has been indicated \[[@CIT0035]\]. However, publications concerning assaying serum procalcitonin levels in patients with ICA stenosis are few and do not confirm the usefulness of this marker exceeding the recognised inflammatory markers \[[@CIT0036], [@CIT0037]\]. In the present study, the connection of procalcitonin level with the presence of unstable ICA stenoses was not confirmed, either. Determination of procalcitonin levels is a test used in clinical practice for diagnosing bacterial infections with a systemic response, which are included among the probable factors participating in the pathogenesis of atherosclerosis \[[@CIT0006], [@CIT0038]\]. However, the role of infections of atherosclerotic plaques in their destabilisation has not been unequivocally confirmed \[[@CIT0039], [@CIT0040]\]. In the present study, no significant relationship between anti-CMV IgG antibody titre and the presence of unstable stenoses was found.

Changes in the atherosclerotic plaque can be recognised as a chronic inflammatory process. The development of symptoms, and hence the destabilisation of the plaque, is, however, of an acute, rapidly progressing nature. That is why the period from determining cytokine levels to the occurrence of the symptoms may have certain significance when evaluating the level of the examined cytokines, though no significant correlation between the level of the examined cytokines and the time that had passed since the occurrence of the symptoms (more than 14 days) was found. Surgical treatment of internal carotid artery stenosis brings the most benefits in the prevention of vascular incidents when it is carried out within 2 weeks of the occurrence of the clinical symptoms resulting from the presence of this stenosis \[[@CIT0019]\]. Smaller benefits come from using surgical treatment in patients with symptomatic ICA stenosis after a period of 2 weeks of the occurrence of the symptoms and in patients with asymptomatic ICA stenosis. The characteristics of ICA stenosis (the degree of stenosis above 70% and plaque morphology with the presence of ulcerations on the surface of the plaque and/or a hypoechoic structure of the plaque) were found significantly more often in the group of patients with symptomatic stenosis in comparison with the group of patients with asymptomatic stenosis. These results confirm the usefulness of ultrasound characteristics of instability of ICA stenosis in the evaluation of the risk of the occurrence of clinical symptoms in patients with ICA stenosis \[[@CIT0001], [@CIT0002], [@CIT0041]\].

Finding elevated concentrations of some of the discussed inflammatory factors in the serum suggests the presence of unstable plaques, potentially causing danger of the occurrence of clinical symptoms, which may facilitate the qualification of such patients for surgical procedures. In a report by Versaci *et al*., the intensification of the inflammatory process associated with the presence of active atherosclerotic plaques, represented by an elevated serum concentration of IL-6, was linked with worse results of stenting procedures in patients with advanced ICA stenosis \[[@CIT0042]\].

The confirmation of the role of TNF-α, IL-6 and IL-10 in the development, progression and destabilisation of atherosclerotic ICA lesions allows us to hope that medications that have an effect on the concentration of the examined cytokines may be significant for inhibiting the progression of atherosclerosis. There are interesting reports based on experimental and clinical research regarding the use of anti-cytokine medications (antibodies blocking TNF-α) in the treatment of atherosclerosis and its complications \[[@CIT0013], [@CIT0014], [@CIT0043]\].

In conclusion, there is a relationship between the activity of the selected inflammatory markers in serum and atherosclerotic unstable internal carotid artery stenosis.

There is no relationship between serum concentration of inflammatory markers and degree of carotid artery stenosis.
